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Spinal-bulbar muscular atrophy (SBMA), is an X-linked motor
neuron disease caused by a CAG-repeat expansion in the first
exon of the androgen receptor gene (AR) on chromosome X.
In SBMA, non-neural clinical phenotype includes disorders of
glucose and lipid metabolism. We investigated the prevalence
of metabolic syndrome (MS), insulin resistance (IR) and non
alcoholic fatty liver disease (NAFLD) in a group of SBMA pa-
tients. Forty-seven consecutive patients genetically diagnosed
with SBMA underwent biochemical analyses. In 24 patients ab-
dominal sonography examination was performed. Twenty-three
(49%) patients had fasting glucose above reference values and
31 (66%) patients had a homeostatic model assessment (HO-
MA-IR) 2 2.6. High levels of total cholesterol were found in 24
(51%) patients, of LDL-cholesterol in 18 (38%) and of triglyc-
erides in 18 (38 %). HDL-cholesterol was decreased in 36 (77 %)
patients. Twenty-four (55%) subjects had 3 or more criteria
of MS. A positive correlation (r = 0.52; p < 0.01) was observed
between HOMA-IR and AR-CAG repeat length. AST and ALT
were above the reference values respectively in 29 (62%) and
18 (38%) patients. At ultrasound examination increased liver
echogenicity was found in 22 patients (92 %). In one patient
liver cirrhosis was diagnosed. Liver/kidney ratio of grey-scale
intensity, a semi-quantitative parameter of severity of steatosis,
strongly correlated with BMI (r = 0.68; p < 0.005). Our study
shows a high prevalence of IR, MS and NAFLD in SBMA pa-
tients, conditions that increase the cardiovascular risk and can
lead to serious liver damage, warranting pharmacological and
non-pharmacological treatment.
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Introduction

Kennedy’s disease, also known as spinal-bulbar mus-
cular atrophy (SBMA), is a rare, late-onset, X-linked
motor neuron disease. It is caused by a CAG trinucleo-
tide-repeat expansion in the first exon of the androgen re-
ceptor gene (AR) on chromosome X. The CAG sequence
encodes a polyglutamine tract (polyQ), with more than 38
repeats considered to be pathogenetic (1).

SBMA affects adult males with onset usually be-
tween 30 and 50 years, and is characterized by selective
motor neuron degeneration occurring in brainstem and
spinal cord, leading to progressive bulbar and limb mus-
cle weakness and atrophy (2). Besides the well-known
neurological phenotype, non-neurological symptoms are
common in SBMA. These include features belonging to
the cluster of metabolic syndrome (MS), a condition of
increased cardiovascular risk characterized by insulin re-
sistance (IR), abdominal obesity, dyslipidemia and glu-
cose intolerance (3). In man, hypogonadism is associated
with MS, which seems to be improved by treatment with
testosterone (4). Several molecular mechanisms mediated
by AR signaling can lead to the development of MS (5).
IR is a key pathogenic factor in both MS and non-alco-
holic fatty liver disease (NAFLD), a clinicopathologic
entity that includes a spectrum of liver damage ranging
from simple steatosis to nonalcoholic steatohepatitis
(NASH) (6). As MS and NAFLD may lead to worse out-
comes in patients with chronic diseases and benefit from
pharmacological and non-pharmacological treatment, we
investigated the prevalence of MS, IR and NAFLD in a
group of SBMA subjects.
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Patients and methods

Forty-seven consecutive patients genetically diag-
nosed with Kennedy’s disease, undergoing no specific
treatment for SBMA, were recruited after obtaining writ-
ten informed consent. They were all Italian and followed-
up in the Department of Neurosciences, University of
Padua. No patients was under statin or metabolic treat-
ment at the time of evaluation. One hundred twenty-three
age-matched healthy males served as controls. For all
participants, anthropometric parameters, systolic blood
pressure (SBP), diastolic blood pressure (DBP) and lab-
oratory data were collected. Body weight was assessed
with a calibrated standard beam balance, height was
measured by a standard height bar, and Body Mass Index
(BMI) was calculated as weight (kg) divided by height
(m?). Waist circumference was measured at the midway
between lower rib and crista iliaca, according to WHO
recommendations (7).

Blood pressure was measured using the method
recommended by the Seventh Report of the Joint Na-
tional Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure (8). Laboratory
tests, measured after an overnight fast, included: fasting
plasma glucose, immuno-reactive insulin, serum triglyc-
erides (TG), total cholesterol, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), alanine aminotranferase (ALT), aspartate ami-
notranferase (AST), and total serum testosterone.

To evaluate IR, homeostatic model assessment
(HOMA-IR) was calculated using the formula: HOMA-
IR = [glucose (mmol/L) * insulin (uU/mL)/22.5], using
fasting values (9). IR was defined as HOMA-IR > 2.5. Ac-
cording to NHLBI/AHA criteria (10), MS was diagnosed
when three or more of the following risk factors were
present: abdominal obesity (waist circumference > 102
cm), hypertension (blood pressure > 130/ > 85 mmHg)
or specific medication, level of triglycerides > 150 mg/
dl (1.7 mmol/L) or specific medication, low HDL choles-
terol < 40 mg/dl (1.03 mmol/L) or specific medication,
and fasting plasma glucose > 100 mg/dl (5.6 mmol/L) or
history of diabetes mellitus or taking antidiabetic medica-
tions.

Genomic DNA was extracted from peripheral blood
leucocytes using the standard salting out procedure.
CAG repeats were amplified by PCR as previously de-
scribed (11) and repeats fragment sizing was performed
on an ABI PRISM 3,700 DNA Sequencer (Applied Bio-
systems, Foster City, California, USA). The specific
length of CAG repeats was further verified via Sanger
sequencing.

We assessed motor functions using the revised ver-
sion of amyotrophic lateral sclerosis functional rating

scale (ALSFRS-R). Although this scale was not devel-

oped for SBMA, all items in this rating scale are appli-

cable to the disease (12).

Abdominal sonography was performed in 24 subjects
with SBMA, randomly chosen within the group. The ex-
am was performed by a single skilled operator with an
Hitachi HI VISION Ascendus equipment (Hitachi Medi-
cal Corporation, Tokyo, Japan) and a convex phased ar-
ray transducer (5-1 MHz) after at least an 8-hours fast.
All images were obtained with the same presetting of the
sonographic equipment that is, imaging probe, gain, fo-
cus, and depth range. Liver steatosis was graded as fol-
lows (13):

e grade I (mild): slightly increased liver brightness rel-
ative to that of the kidney with normal visualization
of the diaphragm and intrahepatic vessel borders;

e grade II (moderate): increased liver brightness rela-
tive to that of the kidney with slightly impaired visu-
alization of the intrahepatic vessels and diaphragm;

e grade III (severe): markedly increased liver bright-
ness relative to that of the kidney with poor or no
visualization of the intrahepatic vessel borders, dia-
phragm and posterior portion of the right lobe of the
liver.

A semiquantitative estimate of steatosis was also
obtained based on comparative analysis of digital sono-
graphic images of the liver and right kidney (14). Briefly,
US images of both organs were acquired and the grey-
scale intensity of selected regions of interest was mea-
sured, and a liver/kidney (L/K) ratio was calculated,
which has been shown to display direct correlation with
the degree of steatosis measured by histology.

The diagnosis of NAFLD was established by ultra-
sonography followed by the exclusion of the secondary
causes of hepatic steatosis: alcohol intake of 30 g/day or
more, ingestion of drugs known to produce hepatic ste-
atosis, a positive serology for hepatitis B or C virus, a
history of another known liver disease.

Continuous variables were described as means plus
or minus one standard deviation. Student’s ¢ test was used
to measure the statistical significance of the mean differ-
ences, and the relationship between two continuous vari-
ables was analyzed using Spearman’s correlation coef-
ficients. The significance level was set at p < 0.05.

Results

The baseline characteristics, anthropometric and
biochemical parameters of the SBMA patients and the
healthy control subjects are summarized in Table I.
Mean SBMA duration since its onset was 14.9 + 7.0 years
(range 4-30). The SBMA patients had higher waist cir-
cumference, SBP, DBP, glycate haemoglobin, IRI,

205



Francesco Francini-Pesenti et al.

Table 1. Anthropometric and biochemical profile of pa-

tients with SBMA and control subjects.

SBMA Control |p value

(n. 47) (n.124)
Age (years) 57.7+70 | 55.3+8.4 n.s.
BMI (kg/m?) 255+37 | 248+ 3.4 n.s.
Waist circumference | 101 + 7.5 98 + 8.1 <0.05
(cm)
SBP (mmHg) 138 + 18 129 + 13 | < 0.001
DBP (mmHg) 90 + 10 86 +9 < 0.01
Fasting glucose 115 + 34 108 + 21 n.s.
(mmol/l)
Glycate 41 £ 13 37 £ 11 <0.05
haemoglobin
(mmol/mol)
IRl (pU/ml) 150+10.7| 88+7.2 |<0.001

41+£25 21+20 <

HOMA-IR 0.001
Total cholesterol 536 +0.84|521+0.76 n.s
(mmol/l)
HDL-cholesterol 1.38+0421143+039| ns.
(mmol/l)
Triglycerides 198+126|1.72 +1.11 n.s.
(mmol/L)
AST (U/L) 47 + 21 25+11 |<0.001
ALT (U/L) 57 £ 27 27 +15 < 0.001

BMI: body mass index; SBP: systolic blood pressure; DBP: di-
astolic blood pressure; IRI: immuno-reactive insulin; HOMA-IR:
insulin resistance homeostatic model assessment; HDL: high-
density lipoprotein; AST. aspartate transaminase; ALT: alanine
transaminase.

HOMA-IR, AST and ALT than the controls. Twenty-four
(55%) patients with SBMA had 3 or more criteria of MS.
In SBMA patients a positive correlation was observed
between HOMA-IR and AR-CAG repeat length (Fig. 1A).
No correlation was observed between HOMA-IR and BMI,
between HOMA-IR and disease duration and between
HOMA-IR and ALSFRS-R. No difference in BMI was
found between patients with normal and high HOMA-IR.

AST and ALT were above the references values re-
spectively in 29 (62%) and 18 (38%) cases. Twenty-six
patients with hypertransaminasemia had an AST/ALT
ratio < 1. Total serum testosterone was elevated in five
patients (10%) and decreased in three (6%).

At ultrasound examination increased liver echo-
genicity was found in 22/24 SBMA patients. Eleven pa-
tients showed grade I, 7 patients grade II and 4 patients
grade III steatosis (Table 2). One patient was diagnosed
with liver cirrhosis. L/K ratio strongly correlated with
BMI (Fig. 1B). AR-CAG repeat length and disease du-
ration did not correlate with L/K ratio All patients with
grade III steatosis and the subject with liver cirrhosis

were obese (BMI > 30 kg/m?). Dividing patients based on
the steatosis grading, the group with higher degree had a
BMI significantly greater than those with a lower degree.
On the contrary, no differences were observed in the AR-
CAG repeat length and in the disease duration (Table 2).
No significant correlation was found between total serum
testosterone and other parameters.

Discussion

This study evidenced that SBMA patients had higher
prevalence of MS criteria, IR and hypertransaminasemia
than the controls. Many mechanisms related to IR and
MS, such as hyperglycemia, dyslipidemia, high blood
pressure and inflammation, can accelerate atherosclerosis
and increase the risk of vascular complications (15).

Recently, a high prevalence of IR in SBMA patients
was reported by Nakatsuji et al. (16). The authors de-
scribed a correlation between motor function, evaluated
with ALSFRS-R, and HOMA-IR that in our patients was
not found. This discrepancy can be partly due to ethnic
differences in insulin sensitivity observed between Cau-
casian and Asian peoples (17).

Hypertransaminasemia was frequently observed
in our SBMA patients. Both AST and ALT are pres-
ent in skeletal muscle, with ALT being more specific
to the liver (18). These data suggest a liver involve-
ment in SBMA patients. To characterize this, NAFLD
was found in 92% of SBMA patients undergoing ab-
dominal sonography. NAFLD is strictly related to IR,
and linked to MS. Its global prevalence is 25% (19).
Even if NAFLD is frequently a benign condition, it can
progress to non-alcoholic steatohepatitis, liver cirrho-
sis and hepatocellular carcinoma (20). Although most
of studied subjects had a mild or moderate steatosis,
4 patients had a severe fatty liver and in one patient
hepatic involvement had evolved to micronodular cir-
rhosis. In this patient, MS and liver abnormalities were
diagnosed several years before the onset of Kennedy’s
disease. In SBMA, as well as in the general popula-
tion (21), obesity seems to worsen the severity of
NAFLD, which can occur also in lean subjects. On the
contrary, the severity of NAFLD does not appear to be
related to the disease duration.

An evidence of NAFLD was recently reported by
Gruber et al. (22) in nearly all SBMA patients evaluated
with magnetic resonance spectroscopy.

IR is a key pathogenic factor in both NAFLD and
MS. Increased adipose tissue results in increased FFA
flux to tissues, including the liver, triglyceride storage
and IR (23). In fatty liver, glucose uptake and insulin-me-
diated suppression of glucose production are impaired,
exacerbating the IR.
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Figure 1. Correlations between AR-CAG repeat length and HOMA-IR (A) and between L/K ratio and BMI (B).

AR: androgen receptor; BMI: body mass index; HOMA-IR: homeostatic model of assessment insulin resistance

Testosterone and androgen receptors play a pivotal
role in the regulation of insulin signaling and in several
aspect of MS. Epidemiological studies demonstrate an as-
sociation between low levels of testosterone in men and
obesity, MS and type 2 diabetes mellitus (24). In pros-
tate cancer, androgen-deprivation therapy improves sur-
vival but it leads to severe hypogonadism with different
adverse effects, including increase of fat mass and cir-
culating insulin levels (25). Clinical studies showed that
testosterone replacement can improve insulin sensitivity
in hypogonadal men (26) and reduce markers of MS and
inflammation in hypogonadal men with MS (27).

The CAG repeat polymorphism within the AR gene
can also play a role in development of MS (28). The poly-
morphism of AR-CAG repeats influences insulin sensi-
tivity and the components of MS in men (29). Evidence
suggests that CAG number is inversely correlated to the
transcriptional activity of AR (30). According to these da-
ta, in SBMA patients IR, evaluated by HOMA-IR, posi-
tively correlated with AR-CAG repeat length.

The mechanisms through which testosterone acts on
metabolism control in man are complex. An increasing
body of evidence shows that testosterone modulates the
expression of important regulatory proteins involved in
glycolysis, glycogen synthesis and lipid metabolism in
liver, muscle and adipose tissues. The molecular basis
of deficiency in AR signaling has been investigated us-
ing animal models. Male mice with global deletion of
AR (GARKO) show central obesity, fasting hyperglyce-
mia, glucose intolerance, and IR (31). In the GARKO
mouse model, the ability of insulin to activate the phos-
phatidylinositide-3 kinase, was reduced by 60% in skel-
etal muscle and liver, resulting in impairment of insulin
signaling (32). In the selective hepatocyte deleted AR
mouse (LARKO), a high-fat diet induced development
of obesity, hepatic steatosis, fasting hyperglycemia and
insulin resistance (32). Reduced insulin sensitivity in
fat-fed LARKO mice was associated with decreased
phosphoinositide-3 kinase activity and increased phos-
phenolpyruvate carboxykinase expression, features
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Table 2. BMI and AR-CAG repeat length in patients with spinal and bulbar muscular atrophy sorted by sonographic

echogenicity.

Grade of liver echogenicity: Grade of liver echogenicity: P-value

0-1 >1
N. 12 12
BMI (kg/m?) 242+ 35 28.3+35 < 0.01
AR-CAG repeat lenght 46 + 4 497 n.s.
Disease duration (years) 12.8 + 3.3 12.6 + 3.5 n.s.
BMI: body mass index; AR: androgen receptor.
which can explain the impaired insulin signaling and References

increased hepatic glucose production (31). In testicular
feminized mice, which have a non-functional AR, an
elevated expression of key regulatory enzymes of fatty
acid synthesis, acetyl-CoA carboxylase alpha (ACA-
CA) and fatty acid synthase, was found, explaining the
increased hepatic lipid deposition compared to con-
trols (32). Taken together, IR and elevated lipid synthe-
sis observed in the liver of animal models with AR de-
fect can explain the very high prevalence of NAFLD in
SBMA subjects. NAFLD severity was correlated with
BMI, but not with AR-CAG repeat length, suggesting
that, although AR deficiency can lead to NAFLD, its
severity, and, maybe, progression, is related to obesity,
warranting pharmacological and non-pharmacological
treatment. An attenuation of expression of insulin re-
ceptors in the skeletal muscle of SBMA patients has
been recently reported by Nakatsuji et al., providing
another possible pathomechanism of metabolic altera-
tions (16). Instead, this study failed to find a valid asso-
ciation between HOMA-IR and androgen insensitivity
in SBMA patients. In contrast, Guber et al. reported an
increased retinol binding protein 4 (RBP4) expression
in their SBMA patients, consistent with a loss of andro-
gen stimulation (22). The increase of RBP4 plasma lev-
els contributes to insulin-resistance and its expression
is significantly increased in AR knock-out mice (33).
In conclusion, this study confirm both metabolic and
hepatic involvement in the SBMA patients. These al-
terations can be explained mainly by the reduction of
testosterone activity because of polyQ expansion in AR
gene and must be considered as a main characteristic of
Kennedy disease. Metabolic alterations in SBMA are a
suggestive model of androgen deprivation in male and
require a multidisciplinary approach to disease. How-
ever, considering the conflicting data on the role of an-
drogen stimulation in the metabolic involvement, fur-
ther studies are needed to understand the pathogenesis
of NAFLD and IR in SBMA patients and the possible
detrimental consequences of anti-androgen approaches
to disease.
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